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GRB a general introduction

An artistic connection?

GRB 020813 (credits to CXO/NASA)




The "gamma” era

= Distribution of sources
= Cosmological or Galactic?
= No host problem COMPTON OBSERVATORY INSTRUMENTS

= NS binary?
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Gamma-Ray Bursts
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o GRB: where are they? -

The great debate (1995) Fluence:10-” erg cm? st

Distance: 1 Gpc
Energy:10°! erg

Distance: 100 kpc
Energy: 108 erg

Need a new type of

Cosmological - GalactiC? |



Declination (deg; J2000)

The Afterglow
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e Good Angular resolution (< arcmin)

e Observation of the X-Afterglow

e Optical Afterglow (HST, Keck)
e Direct observation of the host galaxies
e Distance determination

GRE 9806132 host galaxy
" z = 1.0989

Fy {udy)
T
[@ 1] 3727
—— [Na m] 385%

2000

6000 7ooo 4000 8000

{
Djorgoski et al. (2000)

“Costaet al. (1997)



The Fireball model

e Relativistic motion of the emitting region
e Shock mechanism converts the kinetic energy of the shells into radiation.
e Baryon Loading problem

External Shock =
ooy Afterglow 3
= Not easy to justify the rapid variability \Bnrs[\ =
Pre-Burst — T{ - AR §
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— Formation

X i radio
Internal Shocks 3103 5 "
= Source activity A-~1014em T~ 10 _
= Synchrotron Emission [ I{]?" R~ ~T:'I:I-|:_"I"IZI'47'E cm

= Rapid time Variability
= Low conversion efficiency




GRB Progenitors
Long GRB

BATSE 4B Catalog
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The “afterglow era”

= Detection of Host Galaxies
= GRB beaming and energetics

= SN corTnectlon T LN B GRB 990123
= X-ray lines

The H5T GRB Collaboration



Jet Opening Angle

Harrison et al (1999)
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Jet and Energy Requirements
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Jet and Energy Requirements
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Scenario X: Collapsar

Initial Conditions:

Single Star

:“Islar;:':.\lﬂ}l

Star Evolves of Main Sequence

Wind Ejects Hydrogen
Envelope

He Core Collapses
& GRE Se. X

e Very massive star that collapses in a rapidly spinning BH.
e Identification with SN explosion.




GRB 030329: the “smoking gun™?
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X-ray Lines

GRB 990705
S Emission Lines
e - E(lceV)
— i ] 10 54 3 2 1.5
o 1 o0 7
: ]
é = - 40 |
30 |-
= s e e e . _ < a0 [
10 100 = i
. Energy (keV) {45 i
Amati et al. (2000) N
. . . /
Transient Absorbtion Line ol

A(R)

GRB 991216

Piro et a. (2000)



X-ray Lines
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= GRB cosmology
= First Stars
= GRB observations by SWIFT
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GRB and Cosmology
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= Meszaros & Rees (2003) astro-ph/0305115
= GRB afterglow detection in the range (z = 10 — 30)
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= X-ray flashes (E .., Rate 2 GRB, Isotropic) (Heise 2003)
structured jets off-axis GRBs or high Z GRBs?



GRB Cosmology

History of the Universe

complexity - time simplicity
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= Hints for detection
= Spectral measurement
= Other satellites

Constellation-X Observatory
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Peak Energy — Isotropic Energy
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Redshift distribution
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Peak Energy
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Peak Energy
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Spectral Measurements
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GRB and Constellation X

T L
10000k Spectral Resolving Power (E/AE)
Calorimeter
Grating Order
1000 F 2nd
Ll
<
Ll
100E : : 3
1 10 100
- — - iy
Effective Area
10000p Constellation-X 7
Calorimeter ]
A
. Constellation-X ]
N N\ HXT
E Constellation-X hY
O Grating “\
/ %
1000 \1 -
) (I
#7 | - Astro-E Calorimster
i L~ "\
/XMMRGS |~ \ \
;/\ \ ‘n
/ s \ .
/ AXAF Grating A |
100 'l : L ’ﬂ\ IlI E
01 T

1
Energy (keV)




New Telescopes

Gamma Ray

X-ray

Optical/lR

Rapid Optical

Radio

Grav. Waves
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New Telescopes




Conclusions

= GRB and Cosmology: a long story

= Study of first galaxies and first stars
= Look into the Dark Ages

= Spectroscopy of high-Z Universe

= GRB as standard candle?

= GRB as cosmological probe



